The association between apolipoproteins and neurodegeneration is unclear. The authors examined the association of dementia with serum levels of apolipoprotein A-I (ApoA-I) alone and in combination with the apolipoprotein E genotype (ApoE). Subjects were Japanese-American men in Hawaii followed since 1965 in the Honolulu Heart Program cohort and the Honolulu-Asia Aging Study. Lipid levels were assessed in 1980 -1982 . Dementia was diagnosed in 1991 -1996 by using a multistep procedure and international guidelines. The sample consisted of 929 men (107 dementia cases). The relation between ApoA-I and dementia was examined by using Cox proportional hazards models adjusted for age, education, and cardiovascular risk factors. Compared with men in the lowest quartile, men in the highest quartile of ApoA-I concentration had a significantly lower risk of dementia (hazard ratio ¼ 0.25, 95% confidence interval: 0.08, 0.78). Compared with men with both risk factors, those with a high ApoA-I concentration and no ApoE e4 had a significantly lower risk of dementia (hazard ratio ¼ 0.21, 95% confidence interval: 0.08, 0.52). Previous work has demonstrated an inverse relation between ApoA-I and cardiovascular disease, and the authors extended these findings to the risk of dementia. These results raise the possibility that different lipoprotein components of cholesterol may be differentially associated with dementia.
A-I (ApoA-I) is the major protein component of HDL and plays an important role in reverse cholesterol transfer (9) . Evidence from studies of cardiovascular disease suggests that ApoA-I may be associated with lowered risk, independent of HDL cholesterol. For example, investigations of the roles of ApoA-I and HDL cholesterol in the risk of coronary heart disease found that although both ApoA-I and HDL cholesterol were significantly inversely associated with coronary heart disease, when examined in a multivariate model, ApoA-I, not HDL cholesterol, was significantly associated with heart disease (10, 11) . Furthermore, examination of ApoA-I and coronary heart disease found that the apolipoprotein was associated with lower risk even at low concentrations of HDL cholesterol (12) .
HDL cholesterol and ApoA-I reduce the risk of heart disease, but the relation with dementia is unclear. Casecontrol study reports indicate that ApoA-I levels are lower in subjects with dementia compared with controls (13) (14) (15) , but, in these studies, lipids were measured after dementia was diagnosed, and levels may be influenced by the dementing process. Studies have also looked at the association between HDL cholesterol and dementia, but results are conflicting. In a case-control study, lower HDL cholesterol levels were reported in demented subjects (13) , while prospective studies find weak (16) or no association between serum HDL cholesterol levels and the risk of dementia (17, 18) . Discrepancy in the current literature with respect to the role of HDL cholesterol in neurodegeneration could be in part due to the role of specific apolipoprotein components of HDL not previously accounted for. Prospective studies of the associations between apolipoproteins and dementia risk are needed to more fully understand the relation between cholesterol and dementia.
The relation between cholesterol and dementia may also be modified by genetic susceptibility. The apolipoprotein E gene (ApoE), particularly the e4 allelic variant, is currently the only accepted genetic risk factor associated with Alzheimer's disease; it is involved in lipid trafficking and is also related to increased risk of cardiovascular disease (19) (20) (21) . Here, we examine the association of clinical dementia with ApoA-I serum levels alone and in combination with the ApoE (e4) gene. The study is based on a sample of JapaneseAmerican men in Hawaii, born between 1900 and 1919, who were part of the Honolulu Heart Program cohort established in 1965.
MATERIALS AND METHODS
The Honolulu Heart Program cohort included all Japanese-American men living on the island of Oahu and registered with the Selective Service at the start of the study. As part of the Honolulu Heart Program, men were examined in 1965, 1968, and 1971 . In 1970, a 30 percent random sample of Honolulu Heart Program participants was asked to participate in the Cooperative Lipoprotein Study (22) . Two additional examinations of the lipoprotein subsample were conducted in 1975-1978 and 1980-1982 (23) . In the third follow-up of the Cooperative Lipoprotein Study (1980) (1981) (1982) ; n ¼ 1,379), ApoA-I was measured; this sample serves as the sampling frame for this analysis.
In 1991, the Honolulu Heart Program continued as the Honolulu-Asia Aging Study, which was designed to examine diseases of old age. Of the 1,379 men who participated in the 1980 lipoprotein examination, 929 took part in the 1991-1993 Honolulu-Asia Aging Study examination; this is the sample for our analysis. Of the 450 men who participated in the 1980 lipoprotein examination and did not participate in the Honolulu-Asia Aging Study examinations, 77 percent died before the 1991 examination, 4 percent refused to participate, and 19 percent received abbreviated telephone interviews. Follow-up examinations within the HonoluluAsia Aging Study occurred in 1994-1996 and 1997-1999 . The study was approved by the institutional review board of Kuakini Hospital. Informed consent was obtained from the study participants.
Dementia diagnosis
Case finding for dementia was conducted by using a multistep process that has been described in detail elsewhere (24, 25) . Briefly, all participants were administered the 100-point Cognitive Abilities Screening Instrument (CASI) (26) . At the 1991 examination, CASI score and age identified a subgroup for dementia evaluation. At the 1994 and 1997 examinations, an education-adjusted cutpoint (77 for participants with a low educational level and 79 for those with a high educational level) or absolute drop (9 points) identified a subgroup for dementia examination. The clinical dementia evaluation included a proxy interview, neurological examination, neuropsychological test battery, and neuroimaging. Dementia diagnoses were made by a consensus committee according to Diagnostic and Statistical Manual of Mental Disorders, Third Edition, Revised criteria (27); Alzheimer's disease diagnoses according to National Institute of Neurological Disorders and Stroke-Alzheimer's Disease and Related Dementias Association criteria (28) ; and vascular dementia diagnoses according to California Alzheimer's Disease Diagnostic and Treatment Centers criteria (29) . The current sample included 107 dementia cases, of whom 61 were diagnosed as having probable or possible Alzheimer's disease, 28 with vascular dementia, and 18 with other dementias. For the 46 dementia cases identified at the 1991 examination, age at diagnosis was estimated from the proxy interview and neurological examination. For the 61 cases identified at the 1994 and 1997 examinations, age at diagnosis was calculated individually as the midpoint between the last interview and the interview at which the subject was diagnosed with dementia.
Lipid measurement
In 1980-1982, blood was drawn, and HDL cholesterol and serum triglyceride levels were measured. HDL cholesterol was measured in the supernatant fraction of plasma after heparin-manganese chloride precipitation (30) . Plasma samples were frozen (ÿ70°C), and, in 1996, ApoA-I was measured by using a Behring Nephelometer Analyzer (Behring Diagnostics Inc., Newark, New Jersey) calibrated with World Health Organization international reference material for standardization of ApoA-I (31). Quality control specimens consisted of three fresh-frozen serum pools with low, medium, and high concentrations of ApoA-I. The within-and between-assay coefficients of variability were consistently less than 2 percent and less than 2.5 percent, respectively. There was an average of 15 years between the blood draw and dementia diagnoses.
ApoE measurement
Blood samples were drawn at the 1991 Honolulu-Asia Aging Study examination, and ApoE genotyping was performed by polymerase chain reaction amplification followed by restriction enzyme digestion (32) at the Bryan Alzheimer's Disease Research Center at Duke University (Durham, North Carolina). Participants were categorized as ApoE e4 positive if they carried at least one copy of the e4 allele and as e4 negative otherwise.
Confounders and mediators
A number of demographic and health factors were examined as potential confounders or mediators of the relation between ApoA-I and dementia. HDL cholesterol and triglycerides were included in the models to examine the contribution of ApoA-I to dementia risk independent of other lipids. ApoA-I has been shown to mediate the relation between HDL cholesterol and cardiovascular disease (10, 11) , and HDL cholesterol has been found to moderate the effect of ApoA-I on coronary heart disease (12), suggesting that ApoA-I and HDL cholesterol may each have a unique contribution to atherosclerosis and dementia risk. Triglycerides may affect the relation between ApoA-I and dementia through cholesteryl ester transfer protein. For these reasons, we controlled for both lipids. Age, education, physical activity (self-reported time per week of moderate and strenuous activity categorized into tertiles of the sample distribution; the lowest tertile was the reference group), diabetes (self-report of diabetes diagnosis, use of oral hypoglycemic agents or insulin, fasting blood glucose 7.0 mmol/liter, or 2-hour postload glucose level 11.1 mmol/ liter), use of antihypertensive medication, body mass index, smoking status, ApoE (e4), and blood pressure were also included as potential confounders.
Statistical analysis
Baseline characteristics of participants were compared across ApoA-I quartiles by using age-adjusted analysis of variance for continuous variables and v 2 statistics for categorical variables. The association of ApoA-I level with dementia was estimated with Cox proportional hazards models. The lowest quartile of ApoA-I was the reference group. Lipids, body mass index, and physical activity were measured in the lipoprotein study in 1980-1982, and smoking and blood pressure were measured at midlife at the second Honolulu Heart Program examination (1968) .
Previous work has reported that higher levels of ApoA-I may lower the risk of dementia (13) whereas the ApoE e4 allele increases the risk, suggesting there may be a joint effect of ApoA-I and ApoE e4 on the risk of dementia. On the basis of this information, we classified participants into four categories: 1) low ApoA-I (defined as the bottom three quartiles of the sample distribution)/e4; 2) high ApoA-I/e4; 3) low ApoA-I/no e4; and 4) high ApoA-I/no e4. The low ApoA-I/e4 group served as the reference since these participants would be at the highest risk. We hypothesized that although the risk in all other groups would be lower than that in the reference group, the risk in the high ApoA-I/no e4 group would be lowest.
Three hazard models were estimated for ApoA-I. The first model adjusted for age (as the time scale); the second model adjusted for age, education, glucose (mmol/liter), body mass index, ApoE e4 zygosity, physical activity, smoking (packs smoked per year), and systolic blood pressure; and the third model additionally adjusted for HDL cholesterol (mmol/ liter) and total plasma triglyceride (mmol/liter).
In the proportional hazards models, age at the lipid examination was defined as entry time, and participants were followed until age at dementia diagnosis, age at last observation, or age at death. When we removed from the analysis the 46 cases identified at the 1991 Honolulu-Asia Aging Study examination, the results were the same. Analyses were performed by using Statistical Analysis System version 8.0 software (SAS Institute, Inc., Cary, North Carolina).
RESULTS
Compared with persons in the lipid sample who were lost to follow-up before the first phase of the Honolulu-Asia Aging Study (n ¼ 450), the Honolulu-Asia Aging Study lipoprotein sample (n ¼ 929) was younger, had a higher average body mass index, and had lower average glucose levels (table 1) but was otherwise similar. As expected, men with higher ApoA-I levels, on average, had higher HDL cholesterol and total cholesterol levels and a lower mean triglyceride concentration, glucose level, and body mass index (table 2) . Other baseline characteristics were not significantly different across the quartiles of ApoA-I.
In the initial models (1 and 2), there were only marginal trends for higher concentrations of ApoA-I associated with lower risk of dementia (table 3) . Compared with men in the lowest ApoA-I quartile, those in the highest quartile had a lower risk of dementia. In the fully adjusted model, men in the highest quartile of ApoA-I concentration had a significantly lower risk of dementia compared with those in the lowest quartile. In the fully adjusted model, ApoE e4 status was associated with a significantly higher risk of dementia (hazard ratio (HR) ¼ 2.0, 95 percent confidence interval (CI): 1.2, 3.2).
Dementia subtype models showed results similar to those for the overall dementia models, although hazard ratios were not statistically significant, most likely because of small sample size. In the fully adjusted models for both Alzheimer's disease and vascular dementia, those men in the highest quartile of ApoA-I had the lowest risk of Alzheimer's disease (HR ¼ 0.26, 95 percent CI: 0.05, 1.22) and vascular dementia (HR ¼ 0.13, 95 percent CI: 0.01, 1.13).
We then tested for a joint effect of ApoA-I and ApoE e4 status by combining the two risk factors (table 4) . In all models, compared with that for men in the low ApoA-I/ ApoE e4 group (hypothesized to be the group at highest 
DISCUSSION
This study examined the association of lipoprotein levels with risk of dementia in older Japanese-American men. We found a decreasing risk of dementia with increasing ApoA-I concentrations independent of a number of lifestyle, demographic, and biologic covariates, including HDL cholesterol and triglycerides. There was also a joint effect of ApoA-I and the ApoE (e4) gene on the risk of dementia.
The association between ApoA-I and the risk of dementia has mostly been studied in case-control samples whose lipids were measured after the diagnosis of dementia (13) (14) (15) .
Results from prospective population-based studies are mixed (33, 34) . However, these studies had a relatively short period between lipid measurement and dementia diagnosis, so it is possible that the dementing process could have already altered lipid levels. Longer follow-up periods may show a different relation between lipids and the risk of dementia. Our study was based on a prospective design, with lipid concentrations measured an average of 15 years prior to dementia diagnoses. * ApoA-I, apolipoprotein A-I; HR, hazard ratio; CI, confidence interval; NS, not significant. y Adjusted for age. z Additionally adjusted for education, alcohol intake, physical activity, body mass index, systolic blood pressure, glucose (mg/dl), diabetes status, hypertensive medication, apolipoprotein E e4 gene, and weight loss.
§ Additionally adjusted for high density lipoprotein cholesterol (mmol/liter) and total plasma triglyceride (mg%). * ApoA-I, apolipoprotein A-I; ApoE, apolipoprotein E gene; HR, hazard ratio; CI, confidence interval.
y Adjusted for age. z Additionally adjusted for education, alcohol intake, physical activity, body mass index, systolic blood pressure, glucose (mg/dl), diabetes status, hypertensive medication, ApoE e4 gene, and weight loss.
§ Additionally adjusted for high density lipoprotein cholesterol (mmol/liter) and total plasma triglyceride (mg%).
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Am J Epidemiol 2007;165: [985] [986] [987] [988] [989] [990] [991] [992] There are a number of potential limitations of this study. First, we had only a single measurement of ApoA-I, so we could not examine changes in ApoA-I and dementia risk. In addition, serum samples were frozen for an average of 15 years before ApoA-I was analyzed. While ApoA-I levels do decrease with age (35) and may degrade with long-term storage (36) , the ApoA-I levels in our sample were comparable to age-and sex-specific population means reported in the Third National Health and Nutrition Examination Survey (37) . It has been shown that ApoA-I samples are stable in storage for 1 year (38) ; however, in the absence of longer follow-up of stored samples, we cannot rule out the possibility that long-term frozen storage may result in measurement inaccuracies. Third, because we did not administer a complete neurological evaluation to all subjects, our dementia screening criteria may have missed incident cases. Finally, the generalizability of our results may be limited by the geographic, ethnic, and gender restrictions of our sample.
The heterogeneity of the size and apolipoprotein composition of HDL molecules may, in part, explain why high ApoA-I is associated with a significantly lower risk of dementia only after controlling for HDL cholesterol and triglycerides. The density of ApoA-I on the HDL molecule may be related to the composition of cholesterol or the homeostasis of the lipoprotein and may also alter reverse cholesterol transport and modulate the risk of vascular diseases (39, 40) . The relation between ApoA-I and HDL cholesterol with respect to dementia risk may not be linear. Rather, the level of ApoA-I relative to the level of HDL cholesterol and other lipids may provide unique information about an association between lipoproteins and dementia above that of HDL cholesterol or ApoA-I level alone. This finding is consistent with those regarding the relation between ApoA-I and cardiovascular disease that report a lower risk of heart disease with increasing concentrations of ApoA-I, independent of HDL cholesterol (10, 11) . In addition, ApoA-I has been associated with lowered risk of heart disease even when HDL cholesterol levels are low (12) .
Lipoproteins may influence neurodegeneration as a carrier of cholesterol. There is evidence that brain cholesterol is related to amyloid metabolism in the brain and that disruption of cholesterol homeostasis in Alzheimer's disease is linked to amyloid b pathology (41) . A recent study reported correlations between cerebrospinal fluid and serum levels of ApoA-I that were related to the amyloid b40/amyloid b42 ratio in the cerebrospinal fluid (42) . These findings suggest that ApoA-I plasma levels, by regulating cholesterol levels in cerebrospinal fluid, may moderate the deposition of amyloid b. Lipoproteins may also influence the risk of dementia through antiinflammatory processes (43) , inhibitory effects against oxidative stress (44, 45) , and reduction of vascular injury (46) .
Although the association of ApoE e4 with the risk of dementia is a robust finding, the relation between cholesterol and the risk of dementia in carriers of the ApoE e4 allele has not been fully examined (19) . Repair of neuronal damage and antioxidant activity are reduced with the ApoE e4 allele (17, 47, 48) . Several studies have shown that the ability of ApoE to generate HDL-like particles in the brain that transport cholesterol may be isoform dependent, with the amount of cholesterol released as HDL from ApoE e3-expressing astrocytes being greater than that released from ApoE e4-expressing astrocytes (49, 50) . Because brain cholesterol homeostasis is maintained by the HDL cholesterol supply from astrocytes (51) , ApoE e4 carriers may have a decreased cholesterol supply to the neurons and disrupted cholesterol homeostasis. Although the ApoE e4 allele is associated with lower levels of plasma HDL cholesterol, there is variability in the levels of HDL and ApoA-I in e4 carriers. We found that the combination of low ApoA-I/ApoE e4 was associated with a fivefold increase in risk compared with those with neither of the two risk factors. This risk is higher than that associated with either ApoA-I or ApoE e4 alone.
Other potential mechanisms such as dietary and lifestyle choices or genetic differences specific to Japanese-American men may also influence the relation between ApoA-I and dementia pathology. Mutations in the cholesteryl ester transfer protein gene have an approximately 6 percent prevalence (any mutation) in the Honolulu Heart Program cohort (52) and may influence the relation between ApoA-I and dementia in this sample. The size of the HDL particle and plasma levels are regulated by cholesteryl ester transfer protein, and mutations may alter the composition of HDL and its constituents (53) . Perhaps there are also specific genetic mutations of the ApoA-I gene or interactions between diets high in fish oil and HDL cholesterol and its components that alter associations with neurodegeneration. The specific mechanism by which lipoprotein impacts cardiovascular disease is not fully understood, and there is even less work on the relation between lipoproteins, cholesterol, and dementia.
Inconsistent findings in the literature on the relation between lipids and dementia may reflect the fact that lipoprotein and apolipoprotein components of cholesterol are more informative than the total HDL measure. Mechanistic studies of cholesterol and the HDL molecule are needed to more fully understand the relation between cholesterol and dementia.
